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Kinetics of the oxidation of tartrate ion by hexacyanoferrate(III) in alkaUne medium has been
reported. The reaction follows first order kinetics with respect to initial [hexacyanoferrate(III».
The reaction also shows nearly first order dependence on each of the tartrate and OH-
ions at their low concentrations but tends to zero order at their higher concentrations. A prob-
able reaction mechanism has been suggested.
INrecent years, although the kinetics of hexacy-anoferrate(III) oxidation of organic compoundshas received much attention", similar studies
on the oxidation of IX-hydroxy acids are not report-
ed. In the present study, therefore, an attempt
has been made to visualize the probable mechanism
of the oxidation of tartrate ion by alkaline hexa-
cyan oferr ate (III).
Materials and Methods
Sodium potassium tartrate, NaOH and KCI of
AR (BDH) grade were used without further puri-
fication. Hexacyanoferrate(III) used was of GR
(S. Merck) grade.
The kinetic study was made as described earlier".
The ionic strength of the medium was maintained
with KCl. The products formed at sufficiently
higher [hexacyanoferrate(III)] were identified as
meso-oxalic and oxalic acids by paper chromato-
graphy as developed by Hartley and Lawson".
Results and Discussion
The kinetics of oxidation were carried out in aq.
alkaline medium at constant ionic strength. In
each run, the [tartrate] was kept several-fold higher
than that of the [hexacyanoferrate(III)]. The pro-
gress of the reaction was followed by determining the
[hexacyanoferrate(II)] titrimetrically against eerie
sulphate using ferroin as the redox indicator. The
pseudo-first order rate constants in [hexacyanofer-
rateffl Ij] were found to increase with time and
indicating the slow oxidation of some of the inter-
mediates during the course of reaction. To avoid
the possible errors involved in computing the pseudo-
first order rate constants in [hexacyanoferrate(III)]
by the standard equation of the first order, calcula-
tion of the initial velocity (-dc/dt) from the plot
of [hexacyanoferrate(III)] versus time was preferred.
A variation of tenfold range of the initial [hexacy-
anoferrate(III)J shows the plot of (-dc/dt) versus
initial [hexacyanoferrate{III)] to be linear passing
through the origin indicating a first order dependence
of the reaction rate on initial[hexacyanoferrate(III)].
At constant concentrations of OH- ions and
hexacyanoferrate(III), a variation of the fivefold
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range of [tartrate] results in a plot of the initial rate
versus [tartrate] as shown in Fig. 1. The plot shows
that the reaction follows nearly first order kinetics
at lower concentrations of the tartrate and tends
to zero order at higher concentrations. Similarly,
at constant [hexacyanoferrate(III)] and [tartrate],
the plot of the initial rate versus [OH-] (Fig. 1)
indicates that the reaction is nearly first order with
respect to low [OH-] and tends to zero order at
a higher concentration.
In view of the above experimental results the
probable mechanism for the oxidation of tartrate
ion by alkaline hexacyanoferra te(III) migh t be
formulated as shown in Scheme 1.
The above mechanism is similar to that reported
for the perrnanganate oxidation of mandelate ion
in aq. alkaline media" where the mandelate ion was
found to form a dianion through abstraction of a
proton from the alcoholic group by OH- ion in equi-
librium step-l , and the dianion was oxidized by
perrnanganate ion in the rate determining step.
Several workers have also reported that KFe(CN)~-
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Fig. 1 - Plots of -dc/dt versus [tartrate] (curve A) and
-dc/dt versus [OH-] (curve B) at [K3Fe(CN).J= 2·50x 10-0M
and at !L = 2·50M [For curve A: [NaOH] = 1'OM; for
curve B: [tartrate] = 4·0 X lo-lM]
SINGH et al.: ALKALINE HEXACYANOFERRATE(III) OXIDATION OF TARTRATE ION
COO- COo- The rate law (9) clearly confirms the observed
I K I first order kinetics with respect to initial [h exacy-
H-C-OH+OH-.= H-C-O-+HzO ... (1) anoferrate(III)] and also first order kinetics observed
~ j with respect to both OH- ion and tartrate at their
low concentrations.
The values of kkIK/k+k_1 were found to be
... (2) 4.96 and 5.30x10-2 for tartrate and OH- ion
variations respectively and were calculated from
the linear plots of -dc/dt versus [tartrate] and -dc/dt
•.. (3) versus [OH-] (Fig. 1). These values, though ob-
tained from two different methods (by hydroxide
and tartrate ion variations) are close to each other,
and substantiates the validity of the rate law (9).
... (4) At higher [tartrate] and [OH-] the values of klK
[tartrate'[Ofl] will be quite large, and thus the
retarding trend due to hydroxide and tartrate ions
would operate, and the inequality k+k_l,?>k1K
k. [tartratejj'Ofl] will not hold good. Therefore, at
--+- Intermediate product higher concentrations of tartrate and hydroxide
fast +KFe(CN):- ... (5) ions further verification of the rate expression (8)
may be made by rewriting it in the form of Eq. (10).
1 k+k_1
Vi = 2kklK[tartrate][OH-][Fe(CN)~]
1
+ 2k[Fe(CN)~-] ... (10)
Expression (10) clearly indicates that the plots
of l/rate versus 1/[tartrate] or l/[OH-] will be linear
with a positive intercept on y-axis. From the slope
of these plots the values of kkIK/(k+k_l) have been
calculated to be 5'7xl0-2 and 6'4xlO-2 for tartrate
and OH- ion variations respectively. These values
are also similar to each other alfhough they have
been obtained from two different methods (by
hydroxide and tartrate ion variations). Thus, it
is apparent that there is a close similarity between
the values of kkIK/(k+k_1) obtained from the linear
plots of -dc/dt versus [OH-] or [tartrate] and Ifrate
versus l/[OH-] or l/[tartrate]. This is also support-
ing the proposed reaction mechanism and the rate
... (7) law derived on that basis.
When [hexacyanoferrate(III)] was kept in a large
excess over [tartrate], the reaction led to the
formation of meso-oxalate and oxalate ions thereby
showing further oxidation of the oxaloglycollate
ion intermediate. The slow oxidation of the glycol-
late ion is, thus, quite plausible and justifiable with
the observed gradual increase in the first order rate
constant in a particular run.
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Scheme 1
formed in step-2 lies well towards right4,5. Though
the exact nature of the complex (C) is unknown,
it may be assumed that in the formation of. C
tartrate anion and KFe(CN)i- forms a loose bonding
and the oxidation occurs due to internal electron
rearrangement in the molecule. . .
Now considering the steady state conditions arid
taking total hexacyanoferrate(III) as
[Fe(CN):-]total = (Fe(CN)l-] +(KFe(CN)~-] +
Complex ... (6)
The rate law in terms of decreasing [hexacyano-
ferrate(III)] would be given by Eq. (7)
-d[Fe(CN):-]
V.= dt
_ 2kktKK1[K+] (tartrate] [OH-][Fey]total
- (k+k_1H1+ KI[K+]}+k1KKI[K+]total(OH-]
Eq. (7) is apparently consister:t w~th th,e observed
kinetics. It shows first order kinetics with respect
to hexacyanoferrate(III) and explains the observed
complex kinetic features of the reaction rate with
respect to tartrate and hydroxyl ion concentrations.
Since the previous workers=-" have reported that
step-Z of the proposed mechanism would ?e maifolly
towards the right, it may be assumed that inequality
K1[K+],?>1 will hold good. Considering the above
inequality, Eq. (7) reduces to Eq. (8).
-dFe(CN)~-
V. = dt
2kk1[{ [tartrate][O~-][Fe(CN)~-]total
(k+k_1)+k1K[tartrate][OH-]
At sufficiently low [OH-] and [tartrate], the inequality
(k+k_1),?>k1K [tartrate][OH-] will hold good and
the above rate law reduces to Eq. (9).
-d[Fe(CN)#-]Vi = -_._--;u-
2kklK[tartrate][OH-][Fe(CN)~-Jtotal
- (k+k_I)
... (8)
... (9)
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